The purpose of this study was to examine relationships between aerobic fi tness (AF), fatness, and coronary-heart-disease (CHD) risk factors in 12-to 13-yearolds. The data were obtained from 208 schoolchildren (100 boys; 108 girls) ages 12.9 ± 0.3 years. Measurements included AF, indices of obesity, blood pressure, blood lipids and lipoproteins, fi brinogen, homocysteine, and C-reactive protein.
Coronary heart disease (CHD) is a leading cause of death in Western society (8) . There is growing conviction that the disease has its origins in childhood (22) , and epidemiological evidence reveals that many young people exhibit at least one CHD risk factor (9, 29, 30) . Established risk factors for CHD include obesity, physical inactivity, hypertension, and hypercholesterolemia. More recently, increased concentrations of fi brinogen (Fg), homocysteine (Hcy), and C-reactive protein (CRP) have emerged as indicators of CHD (30) . It is believed that many CHD risk factors persist from childhood to adulthood (16) . Several of these risk factors are modifi able, which suggests that individuals who are in danger of developing CHD later in life should be identifi ed early, and suitable intervention strategies should be initiated. Furthermore, as many CHD risk factors are interrelated, a well-considered intervention program could impact several risk indicators. The infl uence of fi tness and fatness on CHD risk has been widely explored in adults, but there are confl icting results regarding these relationships in young people (15) . The aim of the present study was to investigate the relationship of aerobic fi tness (AF) and fatness with both established and recently identifi ed risk factors in 12-to 13-year-olds.
Methods

Participants
A cohort of White schoolchildren (N = 100 boys and 108 girls, 12.9 ± 0.3 years of age) from two Welsh secondary schools volunteered to participate in this study. The sample consisted of the year 8 cohort of both schools (response rate was 88%). A detailed account of sampling methodology has been published elsewhere (30) . A complete list of Welsh comprehensive schools was provided by Estyn, Her Majestyʼs Inspectorate for Education and Training in Wales (11) . Information regarding each schoolʼs enrollment numbers and approximate nature of intake was similarly provided by Estyn. To avoid the logistical problems of visiting too many schools, single-sex schools were removed from the list. The principal researcher met with the headmasters of both schools to explain the aim of the study. After consent from the headmasters, letters of explanation and consent forms were sent to the parents or guardians of all participants. Parents or guardians were required to complete the consent forms and to provide both their own and their childʼs signatures. All tests were undertaken in the subjectsʼ respective schools, at the same relative time intervals, and by the same tester. Before participation, all test protocols were fully explained to the participants. All pupils were assured of anonymity and informed that they were free to withdraw from the project at any time. The study protocol was approved by the universityʼs ethics committee. All participants were nonsmokers, and a questionnaire was administered to the parents to ascertain whether the children had recently suffered from an infection.
Protocol
Physical and Physiological Measurements. Stature was measured to the nearest millimeter using a portable stadiometer (Holtain Ltd, Crymych, Pembrokeshire, UK). Body mass was recorded to the nearest tenth of a kilogram using a calibrated Phillips electronic scale (HP 5320). Skinfolds were measured at the triceps, biceps, subscapular, and suprailiac sites, according to standard techniques (31) using Harpenden skinfold calipers (John Bull, British Indicators Ltd., Bedfordshire, UK). The sum of skinfolds (∑SKF) was recorded. The protocol was repeated with a third skinfold thickness if the fi rst two measurements differed by more than 1.0 mm. Blood pressure (BP) readings were taken in the morning after the schoolchildren had been sitting quietly for 5 min, using a Dinamap XL automatic BP monitor (Critikron, Inc., Tampa, FL). Blood-pressure was recorded three times, with the average of the second and third reading recorded for data analysis (24) . Aerobic fi tness was determined by the 20-m shuttle test (20MST) (20) . The 20MST has been validated as a predictor of maximal aerobic power in young people (5) . Physiological and hematological measurements were taken on separate days.
Hematological Measurements. Blood samples were collected between 9:00 a.m. and 12:00 p.m. after an overnight fast. To control for plasma volume shifts, venous blood was sampled after the participants had assumed a seated position for at least 30 min (25) . Samples were analyzed for total cholesterol (TC), high-density-lipoprotein cholesterol (HDL-C), low-density-lipoprotein cholesterol (LDL-C), triglyceride (TG), lipoprotein (a, Lp [a]), fi brinogen (Fg), homocysteine (Hcy), and C-reactive protein (CRP). Blood samples were allowed to clot and then centrifuged at 3,500 rpm for 10 min. Total cholesterol and TG concentrations were estimated by routine enzymatic techniques using the Vitros 950 System (Ortho-Clinical Diagnostics, Amersham, Bucks). The concentration of HDL-C was determined after precipitation of very low-density and low-density lipoproteins with dextran sulphate and magnesium chloride. Low density lipoprotein-cholesterol concentration was calculated by the Friedewald formula (13). Lipoprotein (a) concentration was measured by an immunoturbidimetric method, using the Cobas Mira analyzer (Roche Diagnostics, Basel, Switzerland), with detection limit of Lp (a) at 8 mg/dL. Fibrinogen concentration was determined according to the method of Clauss (9) and using the ACL Futura Analyzer (Instrumentation Laboratory Company, Lexington, MA). Hcy was measured using Fluorescence Polarization Immunoassay (FPIA) technology on the Abbott AxSYM® system (Abbott Laboratories, Abbott Park, IL). CRP concentration was measured by an immunoturbidimetric method using the Cobas Fara (Roche, Welwyn Garden, UK). The laboratory analytical variances for the measurement of TC, HDL-C, TG, Lp (a), Fg, Hcy, and CRP were 1.6%, 5.3%, 2%, 6%, 1.6%, 1.9%, and 5.5%, respectively.
Lifestyle Measurements. Smoking habits were assessed by questionnaire.
Statistical Analysis
All data were analyzed using the statistical package Minitab (23) , with the level of signifi cance set at p ≤ .05. Pearsonʼs product-moment correlation coeffi cients were calculated to determine the extent and direction of linear relationships between AF (20MST) and fatness (∑SKF) and CHD risk factors. Multiple-regression analysis was performed to estimate the signifi cance of selected predictors (20MST and ∑SKF) on CHD risk factors (systolic blood pressure [SBP] , diastolic blood pressure [DBP] , HDL-C, TC:HDL-C, TG, and Fg). These risk factors were chosen because they were identifi ed as signifi cantly related (p ≤ .05) to both fi tness and fatness. Because more than one predictor was included in a prediction equation for this study, it was necessary to standardize the units of measurement.
Results
Descriptive statistics for variables analyzed are summarized in Tables 1 and 2 . Pearsonʼs product-moment correlations are presented in Tables 3 and 4 . For both sexes, there was an inverse relationship (p ≤ .05) between AF (20MST) and fatness (BMI and ∑SKF). There was a clear association (p ≤ .05) between AF and DBP and TG in both sexes. Fitness was also related (p ≤ .05) to SBP, TC:HDL-C, Fg, and improved levels of HDL-C, but only for girls. Fatness (∑SKF) was correlated (p ≤ .05) with elevated SBP, DBP, TC:HDL-C, TG, and lower levels of HDL in boys and girls. For recently established risk factors, Fg was related to fatness in both sexes, whereas CRP was related to fatness in boys (p ≤ .05). To determine whether fi tness and fatness were independently associated with selected CHD risk factors, multiple-regression analyses were conducted (Tables 5 and 6 ). Although fatness Note. CHD = coronary heart disease; SBP = systolic blood pressure; DBP = diastolic blood pressure; TC = total cholesterol; HDL-C = high-density lipoprotein; LDL-C = low-density lipoprotein; TC:HDL-C = ratio of total cholesterol to high-density lipoprotein; TG = triglycerides; Lp (a) = lipoprotein (a); Fg = fi brinogen; Hcy = homocysteine; CRP = C-reactive protein.
was an independent predictor (p ≤ .05) of TG and DBP in both sexes, fi tness was not shown to be an independent predictor of any CHD risk factor. For girls, fatness was also an independent predictor (p ≤ .05) of SBP.
Discussion
The infl uence of childrenʼs lifestyles on their future health is a contemporary issue of great concern. At the onset of this investigation, no comprehensive information was available on CHD risk factors in Welsh young people. The present study was performed to investigate the infl uence of fi tness and fatness on CHD risk factors in 12-to 13-year-olds. ΣSKF v 20MST -0.572 (0.000)*
Note. 20MST = 20-m shuttle test; ∑SKF = summation of four skinfolds; CHD = coronary heart disease; SBP = systolic blood pressure; DBP = diastolic blood pressure; TC = total cholesterol; HDL-C = high-density lipoprotein; LDL-C = low-density lipoprotein; TC:HDL-C = ratio of total cholesterol to high density lipoprotein; TG = triglycerides; Lp (a) = lipoprotein (a); Fg = fi brinogen; Hcy = homocysteine; CRP = C-reactive protein.
*p ≤ .05. .121
Note. 20MST = 20-m shuttle test; ∑SKF = summation of four skinfolds; CHD = coronary heart disease; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL-C = high-density lipoprotein; TC: HDL-C = ratio of total cholesterol to high-density lipoprotein; TG = triglycerides; Fg = fi brinogen. *p ≤ .05.
Some of the strongest relationships reported in this study were between fatness, fi tness, and BP. Because body size and maturational status are related to BP, however, careful conclusions should be drawn when evaluating the infl uence of fi tness and fatness on BP levels in young people (10, 15) . In our investigation, both fi tness and fatness were signifi cantly related to a number of lipids and lipoproteins. There is insuffi cient evidence to conclude that superior fi tness has a positive effect on lipid and lipoprotein status in young people (29) , but even the smallest of links might be important in health terms. On the other hand, the association between fatness and lipid profi le is well established (4, 14, 16, 18) .
The present investigation revealed that fatness was related to a greater number of CHD risk factors than fi tness. Whereas aerobic fi tness is an attribute with a strong genetic component (6) , fatness is considered to be a condition that evolves over a number of years (19) . Overall, this suggests that fatness is more easily modifi ed and should be targeted in intervention studies. The fi nding that fatness was related to more established CHD risk factors than fi tness is in agreement with reported fi ndings on Northern Irish adolescents (4). For recently established risk factors, our fi nding of a positive relationship between fatness and Fg had been previously reported in young people (2, 33) . It is thought that the elevated levels of Fg accompanying fatness are caused by the increased synthesis rate of this protein (2) . In keeping with previous studies in children, we found an association between fatness and CRP (12, 17) , but only in boys. Increases in the concentrations of tumor necrosis factor and interleukin-6 are known to accompany weight gain, and these cytokines stimulate hepatic production of CRP (12) . Neither fi tness nor fatness was related to Lp(a) or Hcy. These results concur with the observations of other studies, suggesting that Lp(a) is largely genetically determined (26) and that Hcy is mostly infl uenced by folate and vitamins B 12 and B 6 (21) . Nevertheless, confl icting results regarding these relationships have been reported in the literature. Taimela et al. (28) investigated the infl uence of physical activity on Lp(a) levels in young people (9-to 24-year-olds) and reported lower levels of Lp(a) in the more active. Similarly, Gallistl and colleagues (14) found that a weight-reduction program including physical activity had a positive effect on the Hcy levels of obese children. Associations might become more apparent in later life as environmental factors become more infl uential. Furthermore, many CHD risk factors develop over time, and their expression is more likely to occur in adults (1). Our fi nding of close interrelationships between aerobic fi tness and fatness was concordant with other studies (3, 4, 16) . Although evidence from adult studies suggests that fi tness is an independent predictor of CHD risk (32) , further analyses of our data suggest that much of the effect of aerobic fi tness on CHD-risk factors might be explained by its inverse association with fatness. For most risk factors in this cohort, we identifi ed fatness as the stronger predictor of CHD risk status. Furthermore, fatness was the only independent predictor (p ≤ .05) of SBP, DBP, and TG. The strong, independent relationship identifi ed between fatness and BP in young people is in agreement with previous studies and suggests that fatness could play a part in the etiology of primary hypertension (15, 27) .
In summary, our data suggest that fatness, and not fi tness as defi ned by a weightbearing task, is the stronger predictor of CHD risk factors in 12-to 13-year-olds. Longitudinal studies are necessary to determine whether reducing fatness should be focused on for improving CHD risk status in young people.
